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THE PROBOSCIS OF THE HOUSE-FLY. 

BY PROF. G. MACLOSKIE, LL.D. 

THE common house-fly of Europe (A/Hsca domnestica L.) prob- 
ably includes the American as well as the old-world forms.' 

Its proboscis has attracted much attention and been the subject of 
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FIG. i, A-E.,A, right side view; X, dlorsal views of proboscis of AMusea domoes- 
tIlea; Cw, .seini-tulbes of its false trachea,-; D), twvo of the false tracheae with wrrinksled 
nzemblrane between ; A, a tooth; E, arrangement of teeth b~etA~reeii rOOtS of false 
trachea--. In A and B. I represents the tip; o, the operculutm; 1s, the palps; Of, the. 
fulcrtLl; al, the uientun. 

much misapprehension. I have recently been fortunate enough 
to find out several important points about the mechanism of this 

organ and the homologies of its parts. 

1 Harris had cast a doubt on this and given the American forms the title ALh Aar- 
pyia, in remembrance of his disgust at "these filthy dungbred creatures." Prof. 
A. S. Packard, Jr., has established their claim to a place in the Linnlcan species, 
M. donzesfica. 

VOL. XIV.-NO. III. II 
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Its Structzlre.--The proboscis consists of three division-s-base, 
mid segment and tip. The base, or proximal division, contains: 

i. A large framework of hard dark-colored chitin (f in Fig. I, 
A and B, represented in 
the margin as spread out). 
This has been termed the 

b p/aiaynx, or fulicrumn, by 
/Itlll~t' I {ii\lil 1,1 \ 1Lowne.1 In the natural 

i!j ! || 9z ) \ Iposition this fulcrum is a 
Atllll{ I l { 'I narrow box, open at both 

6 1ll ,11 I _ Xends, and sending pro- 

j) l A I ' Jo c cesses backwards and for- 
K / : $X X wards. The distal part of 

its roof is left open so as 
to receive the mid segment FIG. 2.- The fulc;ozim spread out, showing 

its lower (ventral) plate with curved margins, its in flexion. One of Lowne's 
distal (a) and subdistal (b) processes, its wings terms for it (p/iai;yux) is 
(c) which arch over its chamber and meet above, 
and its proximal processes (d). It terminates incorrect; it is rather a 
distally in a small nodule. case surrounding the phar- 
ynx. I shall refer to it by the name fulcrunz. 

2. TWO paips (p in Fig. i, A and B) not jointed, but borne on a 
weak cross-piece of chitin. (The blow-fly has stronger supporting 
bars, and palps longer and more slender.) 

3. A transparent funnel-shaped sheath widening towards the 
head, surrounds the basal division. This membrane consists of 
chitin, but is quite soft and movable, like the membrane of the 
tracheae or the web of the wings of insects. It is directly contin- 
uous with the walls of the head, and it extends forward to enclose 
-the whole proboscis and to form the walls of the lips. It is open 
above so as to allow free motion to some of the hard parts. 

The mid segment folds on the basal segment by an elbow joint. 
-On the under side of the mid segment is the meutum, or chin 
piece (in in Fig. I A), truncated behind, narrowing and bifurcated 
in front, not articulated to any hard supporting part, but fixed in 
:the membraneous sheath which holds it in its place. 

Uppermost in the mid segment is the operculunm of Lowne (o in 
Fig. i A, B and Fig. 3). This is a semi-tube, slit beneath, pointed in 
*front, and sending backwards two long processes which I shall 
call " the great tendons." 

"c The Anatomy and Physiology of the Blow-fly," by B. T. Lowne, Lond. 1870. 
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In the central axis of the mid segment, and closely articulated 
to the front processes of the fulcrum, is a plate (Fig. 3, X) longi- 
tudinally curved upwards so as to embrace the operculum, and 
with it to form a canal. Its central axis and its lateral parts are 
thickened. Lowne calls it the cannula. It may be convenient to 
refer to its lateral arcuate thickenings as the trabe'culo.id{ ar-c/es. 

Lying in the channel formed by the operculum and cannula, 
and firmly articulated be- 
hind with the front end of 
the fulcrum, is the lingua, 
or hypopharynx (Fig. 3, a). G _ 

This is rather short in the t 3 : =i 
house-fly, but is long in Em 
Stomoxys, serving as a 
piercing organ. FIc. -.-Arrangement of hard parts of mid segment mentumm not here shown). o, opercu- 

The opercular piece and lum, sending hack the great tendons, I,/ x, the 
the hypopharynx habitually axis piece or cannula; xt, trabeculoid arches; /, the nhynopharynx habitually , lingua, or hypopharynx; f, the fulcrum (part of 
lie on the axis piece, whose it). In front of the traheculoid arches are seen 

the beginnings of the circum-oral rods. edges overlap it, but they 
may be started up so as to project clear above the sheathing mem- 
brane of the mid segment without any rupture of the membrane. 

The distal segment, or tip, called " knob" in Burmeister's 
Entomology (Fig. i, A and X, 1), is a singular scraping and 
suctorial apparatus, with the oral opening in its upper part set 
amidst the large protrusible lips. When spread out its surface is 
covered by a system of about eighteen pairs of curved trans- 
verse ridges. These have a general resemblance to tracheae. 
Suffolk' calls them pseudo-trachea, that is, false tracheao. They 
are split tubes, having a rent along their anterior surface, and are 
supported by a framework of chitinous semi-tubes, which are 
forked at alternate ends (Fig. i, D, shows the relation of two 
of these false tracheae with the intervening membranous crenula- 
tions). The line of opening of these tubes is zigzag, caused by 
the sheath-membrane flapping over the forked terminations of 
their supporting semi-tubes.2 This line of opening can be shut 
so as to produce a closed channel, or opened and made rough 
like the face of a file. 

1 " On the Proboscis of the Blow-fly," by W. T. Suffolk, in Monthly Microscopi- 
cal Journal, June, I869. 

2 Well described and figured by G. Hurst in Quarterly Journal of Microscopical 
Science, 1856, p. 238. Fig. i, D. 
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On both sides of the mouth are hard beams of chitin, sup- 
ported on the trabeculoid processes of the axis piece of the mid 
segment (Fig. 3, xt), and themselves affording a foundation for 
the false tracbea-e. We shall call them the circum-oral rods (Fig. 
I, F). On the circum-oral rods, and intervening between the 
roots of the false tracheae, is formed a set of teeth. The blow- 
fly has three rows of these teeth (thirty teeth in all), each tooth 
being two-cusped. A small house-fly (similar to M. doniestica) has a 
similar arrangement, as has JIzusca cwvsa;'. The carnivorous house- 
fly has only one row of five or six teeth on each side of the 
mouth, but the teeth are three-cusped, the cusps being more or 
less cut (Fig. i, E and F). The blow-fly has been found to use 
its teeth for scraping sUgar-candy. 

I would suggest that these distinctions in the structure, num- 
ber and arrangement of the teeth are of generic value, and that 
the name 1Jfusca be applied only to those species having a single 
row of three-cusped teeth; whilst C(allipitkoa, already made to 
include the blow-fly, should take in those having several rows of 
two-cusped teeth. 

On the distal end of the mentum. of the mid segment, are two 
elastic chitinous bands, clasping the tip from behind. When these 
bands are pulled apart by muscles inserted in the mentum, they 
open the lips wide. Muscles and tracheae are variously distrib- 
uted throughout the proboscis. At base of the tip is a nervous 
ganglionic mass which sends fine filaments to small terminal 
ganglia at the lower extremity of the lips, two of these ganglia 
being borne on the dichotomous branches of each nerve-pedicel. 
The surface of the proboscis supports hairs at various parts, espe- 
cially on the palps and at the tip. The tip itself has no muscles; 
it is tumid but not fleshy. 

The proboscis of the blow-fly and other Muscidae corresponds, 
except in detail, with that of the house-fly. The proboscis of the 
piercing-fly (Stomoxys calcitrans) has not the swollen tip, and its 
sheath is converted into a brown annulated tube, split above. Its 
basal part is retractile and exactly as in the house-fly. Its oper- 
cular piece, hypopharynx and axis piece are much elongated, as a 
piercing rather than a merely suctorial apparatus. In many points 
the oral apparatus of the mosquito corresponds so closely with 
that of the Muscidze, as to render valuable help towards the inter- 
pretation of the latter. 
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Functions.-r . The proboscis is an organ of suction. The 
esophagus traverses the inferior central part of the fulcrum, 
thence passes through the mid segment in the canal made by the 
operculum and the axis piece, being here joined by a pair of sali- 
vary ducts; it then opens at the mouth, communicating with the 
false tracheze. It can exude a drop of clear fluid from the salivary 
ducts, and when the proboscis is distended it can act as an organ 
of suction, receiving fluids from the false tracheze and conveying 
them to the digestive organs. The large supply of muscles 
within the fulcrum and in the axis piece, appears to be subservient 
to this process. 

2. Retraction. - Two long and powerful retractile muscles 
extend from the back part of the skull (near the foramen magnum) 
to the proximal end of the mentum (Fig. i, A, miZ). By contracting, 
these draw in the mid segment, so that its proximal end is close to 
the neck of the fly. Other muscles attached to the ventral proxi- 
mal processes of the fulcrum assist in drawing it in and up, thus 
turning the fulcrum upon its upper proximal processes which are 
hinged to the frontal piece of the skull. Thus the two proxi- 
mal segments of the proboscis are folded on each other, and are 
both drawn inwards and upwards into the skull, so that they are 
like the letter V lying on its side, with its acute angle backwards. 
One arm of this V is hinged to the lintel of the door-way, whilst 
the other arm bears the collapsed tip of the proboscis, which now 
serves as a door to close the entrance. The ends of the palps 
then protrude from the upper part of the doorway on both sides 
of the proboscis tip. 

3. Protrusion.-The part taken by inflation in extending the 
proboscis, is so obvious that it was suggested nearly a century 
ago by Gleichen, but the suggestion was rejected, and W. T. Suf- 
folk' infers that the structure *of the interior of the head was 
unknown to Gleichen, "as the extension of the organ is attributed 
to inflation, and not to muscular action." 

It is easy to dispose of Mr. Suffolk's hasty criticism. Immerse 
the head of the fly in caustic potash, which destroys the muscles, 
the chitine of the membranous sheath and the tracheal tubes 
remaining intact, and you can still protrude the organ by slight 
pressure. Further, when the proboscis is pressed out and all its 
parts distended, pierce with a needle the swollen air sacs under the 

1 op. cit. 
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tip, and at once the tip collapses upon the mentum.1 If you tear 
the membrane about the base of the proboscis that part collapses. 
If you press the head over much, the membrane-sheath sends out 
bulging processes which soon burst, sending bubbles of air 
through the water in which you are examining it. 

I have repeated these experiments so often as to be satisfied 
that the rich tracheal system which crowds the lower part of the 
cranial chamber is the chief agent in protruding the proboscis.2 

The examination of the muscular arrangement justifies this con- 
clusion. Muscles cannot directly protrude anything, they only 
pull. In the fly they may and do aid in protruding the proboscis 
by swinging out the fulcrum. The long muscles which retract 
the mentum aid in straightening the proboscis when it is pro- 
truded, but the mentum is not attached proximally to any hard 
structure, and its firmness and power of supporting the tip depends 
on the tense condition of the membrane in which it lies, and this 
tenseness is due to inflation. 

The great tendons which run back from the opercular piece 
(Fig. 3, 1) have their tips united by muscles to the distal and the 
sub-distal processes of the fulcrum (f). Lowne understands these 
muscles to be flexors of the mid segment upon the basal segment. 
Their tendency on contracting.would be rather as extensors; but 
both suppositions are wrong. When they contract, instead of 
flexing the mid segment, the great tendons themselves bend, for 
they are too weak and too slightly articulated to the operculum 
to stand much pulling. Their work is of a more delicate nature. 
By acting alternately on the tendons, these muscles bend the tip 
of the fly from side to side, enabling this organ to move nimbly 
from place to place, as you may see it when foraging on your 
breakfast table. This mechanism is well developed in Stomoxzys, 
where only the basal part of the proboscis is protrusible. We 
have already seen that the muscles extending from the mentum to 
the divergent rods which embrace the tip, serve to expand the 
lips to their fullest width; at the same time the tips become 
tensely swollen by air. 

I It occupies this position when the proboscis is withdrawn, but never so in the 
living fly when the proboscis is protruded. Most of the figures in books represent 
it in this unnatural state, probably drawn from dead specimens. 

2 I had made this discovery before I was aware that Gleichen had fallen upon it 
so long ago. The rejection of his views may explain why so little attention has been 
given to it by others. 
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Thus we find that the protrusion and distension of this impor- 
tant organ is a joint affair, the tracheal system and the muscles 
combining their services.1 

Honz~ologics.- It is strange that no previous observer seems to 
have been struck by the evidence of the " great tendons " of the 
operculum as to what is the organic base of the mouth parts. 
These tendons are found, so far as we have observed, throughout 
the Diptera; they are evidently the tendons of some of the mouth 
parts, marking their origin. They could not be in the mid joint 
of an appendage; the muscles which move the segments of any 
arthropod appendage on each other, are internal, it is only when 
we get to their root that we find these tendons extending into the 
body of the animal. Hence we conclude that the mid segment 
is the true base of the fly's proboscis. We may, perhaps, go fur- 
ther and hold that these great tendons belong to the mandibles, 
for they closely resemble the mandibular tendons of other orders 
of insects and of the lobster. This will make the operculum rep- 
resent two united mandibles, probably enclosing the labrum.2 

The palps seem to point out the maxille, but it is not easy to 
determine to which of the hard pieces they belong, as they are 
borne on slight indurations of the membrane. The axis piece, 
with its trabeculoid bars, seems to represent the maxille with its 
inner and outer processes. The hypopharynx and mentum offer 
no difficulty. The small piece represented in Fig. 3 in advance of 
the fulcrum, may belong to the maxillx. The membrane sheath 
and tip with spreading lips may be regarded as the labium with 
its specially developed paraglossxe. 

Having made out the chief mouth parts as represented by the 
1Gegenbaur approaches this discovery in commenting on the tracheal system of 

insects in water. The bronchial tracheae are kept distended in water by inflation, 
and he thinks that the tracheal system has a " hydrostatic function," which, in some 
cases, may be more important than their respiratory function. It is probable that the 
trachete of insects serve more purposes than we have yet recognized. 

See Prof. Fackard's account of the hydrostatic functions of the larval trachea of 
Corydalis, which illustrates and confirms Gegenbaur's view. AME.RICAN NATURAL- 
Isr, Vol. VIII, P. 533. 

2 Huxley says (Anatomy of Invertebrated Animals, p. 427; in American edition, 
p. 369): " In the common house-fly the labrumn, mandibles and maxillr coalesce at 
their origins and constitute the base of the proboscis, which is mainly formed by the 
confluent second luaxili-e. Its longitudinal grooved anterior face is overhung by the 
elongated styliform labrum." It is probable that the author was misled by endeavor- 
ilug to condense the views of others in this part. Anything done by himself would 
scarcely be so faulty as this passage unquestionably is. 
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mid segment and the tip, we have still the largest structure of all 
(the fulcrum) to explain. It seems to be general in Diptera; even 
the mosquito possesses it; in other insects it is unknown. It could 
not be what Prof. Huxley suggests, " the labrum, mandibles and 
maxillae coalescing;" at least its structure and forms in various 
Diptera give no evidence of such union, and how then are we to 
explain the mid segment with the great tendons? Mr. Lowne 
makes it a composite structure, the dorsal part being epistoma, 
and the ventral part pharyngeal, formed in the wall of the aliment- 
ary canal. This explanation will not satisfy, for the inner surface 
of the fulcrum has many muscles, which could not be there if it 
were only a chitinous lining of the esophagus. One might as 
well expect to find muscles growing on the outside of a lobster as 
within its throat. 

In searching after the homology of this piece, I soon.found that 
I must go outside the Diptera, nor was I long searching till the 
secret came out. Opening the head of a katydid and of a wasp, 
I found in both what I wanted; the endocranium, which runs 
from back to front of skull, strengthening it. Long ago Burmeis- 
ter informed us that the Diptera have no endocranium, but their 
skulls are as empty shells, easily fractured. But here we see that 
Burmeister was wrong; they have the endocranium in the proper 
position when the insect is being hatched and when its proboscis is 
withdrawn; but instead of having it rigidly fixed in the skull, they 
have it free posteriorly, hinged in the front and able to swing out 
so as to form a pedestal for the mouth parts which make up the 
proboscis. 

Comparing Mr. Huxley's excellent description of the endocran- 
ium of the cockroach;' we find the relation of parts with the retract- 
ed proboscis of the house-fly to correspond exactly. The endo- 
cranium has axis and wings corresponding to the structure of 
the fulcrum (Fig. 3). Its posterior extremity close to the foramen 
magnum, and the Esophagus pierces it; so with the house-fly 
when the fulcrum is turned in. The great tendons of the mandi- 
bles are right and left of it, as we have seen them to be in the 
house-fly. WMhat is true of the house-fly is, we believe, generally 
true of its order. 

Thus we have fallen upon a modification of structure dependent 
on metamorphosis of function, almost as striking as that which 

1 Anat. Invert. An., p. 403-404 (348 of American edition). 
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exists between the suspensor of a bird's mandible and the small 
bones of the human ear. 

I find in the lobster a structure which is probably homologous 
with the endocraniurn of insects. . It is an opadeeme runniingy like 
a bulk-head across in rear of the rostrum, consisting of a central 
cross bar, and on each side two free plate-like wings. Under its 
central bar is the frame work which supports the stalked eyes. 
Its hinder surface gives attachment to muscles which reach the 
stomach. It is described by Huxley (Analtomzy of t/e lInvezi., p. 
274, of American edition) as the opademe of the ophthalmic 
samite. 

SKETCH OF PROGRESS IN MAMMALOGY IN THE 
UNITED STATES IN I879. 

BY DR. ELLIOTT COUES, U.S.A. 

THE year past has seen very little progress in our knowledge of 
recent Mammalia, so far as contributions to that subject in the 

United States are concerned. Mr. J. A. Allen, one of the recog- 
nized leaders, has apparently been too busy with his great work on 
seals (now in press and about half printed) to do much else in 
mammals, and the present writer's labor in the same field has been 
confined to the " History of North American Mammals." The 
latter is still too far from completion to speak about; but Mr. 
Allen's Piziznz?~cia may be expected to appear very shortly, doubt- 
less in i88o. Having the supervision of its publication in its pas- 
sage through the press, the writer is i) position to speak confidently 
of its merits and importance. It will make an octavo of perhaps 
Soo pages, illustrated with numerous wood engravings, mostly 
original; and will unquestionably become at once the work upon 
the subject. In thoroughness of treatment, accuracy and extent of 
investigation, and other requirements of masterly workmanship, it 
will compare with the author's celebrated memoir on the Ameri- 
can bison. 

As Prof. Leidy has done nothing during the year, either in fos- 
sil or living mammals, the field of the former has been left to Mr. 
Marsh and Mr. Cope, whose important contributions are noted 
beyond. 

Certainly the most notable and perhaps the most significant 
paper on mammals of the past, present and, we may add, of the 
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